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SYSTEM AND METHODS FOR AUTOMATED INSTITUTION SKILLS 
OPTIMIZATION 
ABSTRACT 
An automated system and method are disclosed for the optimization of multidimensional 
skillsets in a hiring process. The system extracts skills from existing individuals in an 
organization that are then aggregated to build an entity of skills at a company or network level to 
identify the distribution of skills in aggregate. The method compares a specific organization to a 
baseline organization to determine the gaps in skills. The external market conditions and the 
company’s financial data are used as signals to forecast and provide the necessary staffing 
recommendations. The output provided is a set of job descriptions and compensation information 
which is integrated into any candidate matching system to reduce the overall hiring time 
significantly. The system and method would help identify appropriate representation of skillsets 
in a company and trigger manpower decisions in an objective way, with benefits to the 
organization in terms of business preparedness. 
BACKGROUND 
The process of hiring takes a long time, particularly for technology roles that could take 
at least six months to fill. Additionally, time to market is one of the characteristics that 
distinguish successful businesses from those that fail, so hiring talent and staff is a pressing 
issue. However, companies today face the following issues of lag in recognizing overstaff or 
understaff requirements, budgeting and estimating staff growth and inappropriate job 
requirements. 
Identifying staffing needs typically happens during performance reviews or other set 
intervals such as annual budgeting. This is typically based on gut-feeling, and is usually 
successful only when done by seasoned managers with foresight in planning. Forecasting for the 
appropriate staffing size is difficult to plan, justify, and at times simply missed. Hiring is 
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generally a reactive task where the process initiates after the fact and owners or management is 
already dealing with overwhelmed or heavily understaffed teams. 
Hiring requires financial information based on forecast growth, where estimates are 
typically annual. It is common that a business unit is unable to hire until the following budgeting 
year in order to backfill positions. This requires foresight from management in order for the 
finance team to set the appropriate staffing budgets. 
A majority of job descriptions list requirements that are not actual, because they may have 
been drafted by the hiring manager, who typically does not have the background to compose 
them appropriately. The position could be incorrect for what the business actually needs.  
The repercussions of the above are missed opportunities that impact the overall business 
due to the bottleneck in hiring. Thus there is need for an automated method to optimize the 
skillsets in a hiring process. 
DESCRIPTION 
This disclosure presents systems and methods for automated multidimensional skills 
optimization. The automated system extracts skills from existing individuals in an organization 
that are then aggregated to build an entity of skills at company or network level to identify 
distribution of skills. The system compares a specific organization to a baseline organization to 
determine the gaps in skills. Both external market conditions and the company’s financial data 
are used as signals to forecast the required staffing and make recommendations. The output 
provided by the system is a set of job descriptions and compensation information. The system 
then automatically triggers the process for a call to action with job requirements that reduces the 
lag in initialization. Finally, the system integrates the output information into any candidate 
matching system to reduce the overall hiring processing time significantly. 
The system as depicted in FIG.1 compares the skills data from a particular organization 
to a baseline organization with distance measured in discrepancies, where Δd is the directional 
difference between the specific and the baseline organizations, Y is the econometric model and t 
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is the threshold for discrepancies and financial model. If the skills gap threshold is exceeded and 
the financial model triggers an adjustment, the system outputs the identified skills and directional 
actions. The delta provides a directional signal to identify both overrepresented skills and/or 
underrepresented skills. 
 
FIG. 1: Automated system for skills optimization 
The first component of the system is the ability to extract skills from individuals. Once 
the skills are extracted at an individual level, the skills are aggregated to build an entity of the 
skills at a company or network level to identify the distribution of skills in aggregate. The 
particular organization is then compared to a baseline organization to determine the gaps in 
skills. Meanwhile, both external market conditions and the company’s financial data are used as 
signals to forecast and provide the necessary staffing recommendations. The output is a set of job 
descriptions and compensation information. The method for automated skills optimization 
depicted in FIG. 2 involves the following steps: 
A) Extracting Skills for Training Data 
B) Grouping Skills Entities 
C) Business Type (category assignment using rule-based classification) 
D) Skills Comparison 
E) Job Model 
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F) Optimizing Staffing 
 
FIG. 2:  Method for automated skills optimization 
A) Extracting Skills for Training Data 
Extracting skills for the initial training data as illustrated in FIG. 3 involves extracting the 
skills from the current employees’ resumes. The resumes are typically on file during the initial 
job application of each employee and could be easily accessible. By extracting text from the 
resumes and removing stop words, a corpus is formed to begin construction of entities of skills. 
The distribution of skills is identified to provide the various levels of representation per skill. 
Here it is assumed that the skills extracted from the resumes are sufficient, as is the amount of 
data (from across a diverse set of data sources) to establish a dataset to create entities of skills. 
 
FIG. 3: Extracting skills for training data 
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In one example, Latent Dirichlet Allocation (LDA) method is used for extracting skills. 
This method extracts topics within a document. For example, it extracts the skill and related text 
information within a resume to distill the set of skills per individual. The method then creates a 
set of the skills that could be used to compare to a baseline organization. The baseline 
organization could be compiled by various means such as extracting the public information from 
resumes, social networks, blogs, and various career sites and then mapping them to companies. 
B) Skills Entities 
The entities of skills act as a means to group related skills for a given occupation. The 
system also builds upon the occupation’s skillset over time with inputs from various data sources 
such as resumes, social networks, news sources, and blogs. To establish the taxonomy of 
workers, entities of skills need to be created to find clusters of skills that are commonly grouped 
together based on multiple dimensions including business unit, title, responsibilities, salary, 
seniority, location, company size, and company type.   
Clustering could be done using a method such as k-means, which is one of the classic 
unsupervised learning algorithms that solves the well-known clustering problem using cosine 
similarity measure, which could also be used for large sparse text data. The clusters are then 
formed into various levels of skills. For example there could be the individual level, aggregation 
at a company level, aggregation at the occupation level, and finally aggregation at the industry 
level. Following this, additional attributes associated to a current employee such as the current 
position, business unit, etc. are added to complement the skills ontology and create a more 
comprehensive dataset with multiple dimensions. FIG. 4 shows the schematic of the first two 
steps (A and B) of the automatic skills optimization method. 
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FIG. 4: Schematic of skills extraction and grouping skills entities. 
C) Business Type (Category assignment using rule-based classification) 
Creating a baseline organization for deriving average skillsets per business type, requires 
organization ontology. Any given business or organization should be mapped to a sector, 
subcategory, and business unit as shown in FIG. 5. This information is extracted from various 
stock markets. Table 1 illustrates an example of the sectors and subcategories that each business 
could be mapped to in order to generate a baseline organization skills distribution for 
comparison. 
 
FIG. 5: Business type-category assignment 
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Basic Materials Chemicals 
Mineral Resources 
Applied Resources 
Industrials Industrial Goods 
Industrial & Commercial Services 
Industrial Conglomerates 
Transportation 
Cyclical Consumer Goods & Services Automobiles & Auto Parts 
Cyclical Consumer Products 
Cyclical Consumer Services 
Retailers 
Noncyclical Consumer Goods & Services Food & Beverages 
Personal & Household Products & Services 
Food & Drug Retailing 






Healthcare Healthcare Services 
Pharmaceuticals & Medical Research 
Technology Technology Equipment 
Software & IT Services 
Telecommunications Services Integrated Telecommunications Services 
Wireless Telecommunications Services 
Utilities Electrical Utilities & IPPs 




For example, a coffee shop would have the following structure: Noncyclical goods & services > 
Food & Beverage > Operations > Skills 
Additionally, other rule based handling would be necessary for variations of 
organizations, including: 
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● Franchises and chains need to be considered appropriately in the weighting scheme to 
handle potential over-representation. 
● Handling business names is cumbersome with duplications, mergers and acquisitions. In 
such cases, a unique physical mailing address is used for de-duplication. 
● Organizations having headquarters and smaller office locations need appropriate 
weighting. For example, enterprise businesses tend to have multiple locations for sales 
offices only. Additionally, the skillsets have finance and accounting department with 
personnel that have drastically different skills from a distribution center where the 
skillsets are mostly sales and/or operations.  
This rule-based handling mimics the government registration process for businesses and 
provides a means to verify businesses. Additional benefits include defense against duplicates, 
incorrect data, and provision to handle business without the unnecessary management of the 
company names and various identities that would occur during mergers and acquisitions, 
headquarters and franchises, etc. These issues would then multiply further when analyzing the 
distributions of skills and when comparing the headquarters against a single distribution center. 
In order to establish the skills per business type, a method of extracting skills from public 
resumes associated to a single company is applied, where sources are from publicly available 
data such as social networks, blogs, news sources, etc. 
Static forms include public information on individuals and dynamic forms include publication in 
blogs, news, and social networking. The entire set is then observed to find the representation and 
proportion of the required skills in both static and dynamic form to identify gaps within the 
aggregated company level. 
D) Skills Comparison 
Once the skills are extracted for a single company, the skills entity could be compared to 
a baseline organization to identify the gaps in skills. This could be accomplished through various 
data sources such as blogs, news, encyclopedia, etc. This comparison requires comparing the 
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distribution of skills between the particular organization and the baseline organization. In 
addition, thresholding could account for the minimum bound set. The step of skills comparison 
involves (i) Identifying the common skillsets vs. differentiators, and (ii) Comparing the 
distribution of common skillsets. 
(i) Identifying the common skillsets vs. differentiators 
Initially, the set of skills that appear only in the baseline organization are considered and 
then compared with the distribution of common skillsets. However, there could be differentiating 
skillsets that would be advantageous for a company to maintain. Therefore, the unique skillsets 
are identified with the following method. For all the skills that are not in the baseline skillset, the 
particular skill and their density are recorded. Methods such as expert review, industry-based 
baseline skillsets comparison or successful case studies may be used to identify if a skill is 
redundant or if it could eventually turn into the organization’s differentiator. If the skill is 
identified to be redundant, then the same procedure that was used to treat overrepresented skills 
is applied. Otherwise, no action is needed in terms of hiring. The company or organization 
should then take a strategic advantage of this differentiator. 
(ii) Comparing the Distribution of Common Skillsets 
One method to measure the distribution of skills is to use Shannon entropy as a measure 
for the abundance types and diversity of skills. The diversity index expresses the skills entities 
and the value increases when both the number of types and evenness (i.e. lack of diversity) 
increase. The effective number of skills is therefore the number of equally abundant types 
needed for the average proportion at the baseline. It is important to note that not all types would 
be equally abundant. Richness is used to quantify the number of types the organization contains 
and entropy increases as a function of richness, as illustrated by the following expression. 
, where R denotes richness. 
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Equitability assumes a value between 0 and 1, with 1 being complete evenness. Then the entropy 
for both a particular organization and a baseline organization would be used for comparison. 
E) Job Model 
The system takes regular automated financial signals from accounting in order to calculate the 
hiring budget estimates and fresh projects. For example, FIG. 6 shows a typical internal quarterly 
forecasting scheme at most organizations that could be easily integrated into the automatic skills 
optimization system. 
 
FIG 6: Integrated performance management framework (source: Planning, Budgeting and 
Forecasting, kpmg.co.uk, 2013)  
The mechanism to trigger skills optimization is a financial model that takes into account 
internal and external variables. The financial model could be represented using the traditional 
econometrics model logistic regression to determine the feasibility of hiring budget and the 
necessity of hiring based on a combination of net earnings information (net operating profit after 
tax) and overall market trends that signal the potential growth of the industry. The general 
logistic regression model is expressed as for example, 
 
The internal variables include funding types, funds, investor, number of employees, team 
information and so on. External variables include those such as industry stock market 
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performance, competitive marketplace, benefits, and diversity. These could dynamically adjust 
based on signals given by the variables taken into consideration. Alternatively, sector trends 
could be taken as a signal for investments and growth. 
F) Optimizing Staffing  
Optimizing staffing involves thresholding for skills comparison discussed in step D and 
financial model discussed in E. The last step is the decision making process to determine the 
optimized action to be carried out viz., reduce redundancies, hire more staff, or do nothing. This 
process takes into consideration both the skill sets that were compared to a baseline organization 
and the output from the financial model. Given the inputs, there are several methods to determine 
the output that include thresholding based on observed values from experiments, expert review 
of the values, or a decision tree algorithm. FIG. 7 shows a schematic of the decision tree 
algorithm that was used for avoiding highly correlated attributes. The last step of the algorithm 
automatically generates the associated decision of hiring staff or reducing redundancies along 
with the skill sets for the job positions and updated budget estimates for forecasting. Also, the 
system’s output could be easily integrated into any applicant tracking system for generating job 
posts on career sites or job distributor sites. 
 
FIG. 7: Decision tree algorithm 
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Alternatively, each of the individual components depicted in FIG. 2 could be modified or 
changed for the algorithms, where instead of comparing skillsets, other alternatives could be 
used, such as:  
1. Comparing occupation titles that have the same definitions and skillset requirements; 
2. Comparing occupation titles and seniority levels to assess basic skills for a given industry and 
identify the gaps in titles and seniority;  
3. Comparing education or certifications and seniority level to assess skills for a given industry  
Also, alternative financial models that use internal financials could be used to understand growth 
rates. Further adjustments could be made by changing the data sources as well. 
The system is drastically different from all the current practices in almost every aspect of 
initializing the hiring process. The system makes improvement to all aspects of hiring and 
staffing in an organization.  Identifying the appropriate representation of skillsets in a company 
and triggering hiring decisions in an objective way is a major differentiator of the method, with 
benefits in terms of business preparedness.  Using econometrics models to signal appropriate 
skills and staffing necessary based on company performance may be more objective as opposed 
to staffing requirements proposed by management based on perceptions. Obtaining true job 
posting requirements would provide better fit of hired resources instead of contrived 
requirements made up by managers or human resources personnel  who may be inexperienced in 
that area. The systems and methods discussed here would contribute to reducing the resources 
spent on the hiring process, optimize the steps in the hiring process and significantly reduce 
hiring time. 
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